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(57)Abstracf 
a^S 

a silicon thm film to a prescribed value without 

deteriorating it in quality and avoiding it that the 
ox.dation of crystal defects generated when a usual 
sacr.fic.al ox.dation is carried out is accelerated the 

surface is roughened by, the influence of a foreign object 

and an oxide film is deteriorated in withstand vdtage due 

to the fact that the surface gets rough 

SOLUTION: A SOI wafer provided with a silicon thin film 

SIMOX P T r Xyg ?" ' ittle ls Prepared throu ^ an 
SIMOX method or a lamination method, the SOI wafer is 
cleaned with an alkaline solution such as SCI or TMAH 
and a silicon ultra-thin film SOI is manufactured by the 
etching act.on of the alkaline solution 
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♦ NOTICES* 

JPO and NCIPI are. not responsible for any 
damages caused by the use of this translation. 

prIcisely CUment ^ by com P uter - So the translation may. not reflect the original 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS . ' — . ■ ■ ' T~. 



[Claim(s)] : — ~— — ■ 

[Claim 1] The manufacture approach of the silicon thin film characterized by including the 
process which decreases the thickness of this silicon thin film until it becomes thickness 100nm 
or less by carrying out wet washing of the silicon thin film prepared on said insulating front facT 
m the manufacture approach of the silicon thin film for manufacturing the silicon th h fi m 
prepared on the insulating front face. 

[Claim 2] The 1 st thickness of said silicon thin film before [. said ] carrying out wet washing is 
the manufacture approach of the silicon thin film according to claim 1 characterized by 
performing this wet washing until it is. larger than 1 0Onm and becomes the 2nd thickness thinner 
than th,s 1st th.ckness after heat-treating this silicon thin film that has this Is ^<Zesl7Z 
reducing atmosphere containing hydrogen tnicuness in tne 

[hil^ 

^V^LItZT. S^zr 6 approach of the si,icon thin «^™«^o 

c? a 'i a ri 5 nh? aid 5!" ^ iS 'u 6 manufacture «PP.«*oh of the silicon thin film according to 

claim 1 obtained from the s.l.con by which hydrogen annealing was carried out 

dJiTl it S J^ 0n ^ iS manufacture a PP™ch of the silicon thin film according to 
claim 1 obtained from FZ silicon wafer. 

HJi a ri m i 7 l Sa l d Washing J s u the manufacture approach of the silicon thin film according to 
rcTm eml IT l\ . ^ SC ^ penetrant rem °ver or the organic alkali solution. 
LCIaim 8] The etch rate by said wet washing is the manufacture approach of a silicon thin film 
according to claim 1 when it is the following by tOnm/above by 0 1nm/ 

hJJTi ^'^'''r" . tHin ^ iS manufacture approach of the silicon thin film accordingto 
"rrtl ,! t C wet washing processing is presented, without oxidizing thermally. 

? m1 . " S T ,' n -r' m ' S . the manufacture a PP r °ach of the silicon thin film according to 
claim 1 which consists of s.l.con film with oxygen content lower than CZ wafer 

i t 1J Said" wet washing is the manufacture approach of the silicon thin film according to 
peroxide ^ Penetrant remover con taining ammonia and a hydrogen 

[Claim 1 2] The manufacture approach of the SOI substrate characterized by including the 

Barnes out wet washing of this base after the process which prepares the base 
which has the silicon thin film of the 1 st larger thickness than 1 0Onm on an insulating front face 
hvdro~n ea HTH en ? r0 + C + eSS ^ heat ~ treats this base - the reducing atmosphe Containing ' 
2nd En th hea l treat k ment P rocess ' and ™"«« this silicon thin film the thickness of the 
2nd thickness thinner than this 1st thickness. 

[Claim 13] The production approach of the SOI substrate according to claim 12 formed including 
the process wh.ch separates this compound member by the porous layer after said base sticks 

orms S a S co m St : o at V nd ****** *** ^ * Si ' iC ° n thh film through an insu.a^ng Vyer and 
torms a compound member on a porous layer. s y auu 

[Claim 14] The production approach of the SOI substrate according to claim 12 formed including 
http://www4jpdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdl.... 2005/04/01 
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the process which separates this compound member in this ion-implantation layer after said 
base st.cks the 1 st substrate and 2nd substrate which have a silicon thin film through an 
nsulatmg layer and forms a compound member on an ion-implantation layer 

Cla.m 1 5] Said 1 st substrate is the production approach of the SOI substrate according to claim 
pr'edXmined t " ^ - ^ a 

[Claim 16] Said base is the manufacture approach of the SOI substrate according to claim 12 
rc.Z % in , ClU f g PrOC6SS Wh ' Ch P ° UrS ° Xygen ion int ° a silicon wafer 

thic^ 3PPr0aCh ° f a S01 SUbStr3te to Cairn 12 that said 2nd 

SS;:if' m -nufactured by the manufacture approaph of a silicon thin film . 

rClai^ 12 to 17. 

LCIaim 20] The manufacture approach of the semiconductor device characterized bv forming th . 

tr ^xu 0 ' 3 tranSiSt ° r Said SI ' ,icon thin film wording to claim 12 ^ 

h !S s^thr^ f ° rming * * transistor 

eksss xiisr device ~ g to ciaim 1 9 ^ - * e ^ ... 

ESTt^SS "a" pSlct 8 " dSViCe aCCOrding " 20 WhiGh '* *• ^in film 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

prlcisdy 0 "" 6 ^ b6en tranS ' ated ^ COmPUter S ° the translation ma * "not reflect the original 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 



[Field of the Invention] Especially this invention relates'to the approach of controlling th. 
s.l.con thin film about the manufacture approach of a silicon thin film. Silicon thickness 

[0002] 

[Description of the Prior Art] as the manufacture approach of a SOI wafer - SlMOX 

OO^TThTsiMOX "'r^ ° f °. X T n) " l3W ' 3 ' aminati0n meth ° d ' etc - are Earned 
L0003] The SIMOX method ,s a technique which forms a silicon oxide layer in the location which 
drove ,n oxygen ,on from the front face of a silicon substrate, and was embedded by ^subsequent 
elevated-temperature annealing. The dose of impregnation energy ** of the oxygen ion at this 
f me cannot be set to arbitration, but is set to about certain conditions Therefore the lof wafer 
■^ZiT^^^ SNiCOn — - — "r e rntd^g Wafer 

Et^ 

t [ S~w>Jf the aPPr ,° aCh ° f preparin Stwo wafers with which at least one side oxidized grinding 
these w th gr.nd.ng from one side at a room temperature after annealing lamination and^nd 
eavmg the s.l.con th.ckness of arbitration on a silicon oxide layer. By th s appToach the 
SXn^ oxide^yer set as 

and ponsh the thin film of hundreds^ ISSI difficult o^the" ,£l of 
SnnTlT J*. 0 ^ 88 prec,s,on of a silicon wafer - and the precision of polish 
L0006] In order to compensate the above-mentioned fault, distribution of SOI thickness is 
measured in an mstant, dry etching of the field and thinner is carried out W «™? ♦£ ♦ u • 
which forms a super-thin film (100nm or less) in homogenei y " ported f fie / thfc " This' 
techn.que was called PACE (Plasma Assisted Chemical EtchL) anc I ^ div d.H inC?L I 
which carries out field Uchida point (10000 or more P^^^^^Tof^-T ■ 
an instant as mentioned above, and the unit which carries o^Xm^ching t!^^T 

tt uoo' Da a r; th f e P,a T a g r er3ting P3rt ° f 3 nGZZ ' e m ° ,d - and * can ™v-o^ in 
the upper part of a wafer side so that the nozzle can etch more thick fields arrnrrW L It 

measurement result of the thickness of a SOI layer. The amount etching is con ZeZfor 

every field w.th.n a wafer side, and the absolute value of thickness an ^homogeneity "an be 

P=t^^^ . 

=o^ h ~ ity with ^^^-^x In many 

[0007] moreover, the front face of the silicon wafer which the oxide film fl n a nh^ + u 
^nation method as it was in a U.S. Pat. No. 5374567 "Xentn - poutgin - , 
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- the interior of a wafer - a brittle layer - forming - heating of an another wafer and 
am.nat.on after that, and after that - or there are some which spray a fluid (gases sufch as 
l Zt^eS0^Z: trOeen) ° n 3 ,aminati ° n Waf - "* ^ — atet m S a hHtt^aye, 
[0008] Control of thickness is controllable by the thickness of the oxide film of the wafer 
prepared first, the .mpregnation energy of a hydrogen ion. etc. However, to the dr. aril on the 

PO,iSh fin!Shing ^ «"? ""• «* thereby'thirknTsIwil, 

g°S9" °«- e °ver. as another lamination method, there is an approach indicated by a U S Pat No 
5371037 number (patent No. 2608351), JP.5-21338.A, or JP.7-302889.A. This approach is an 
approach of remov.ng an another wafer and lamination, and an unnecessary part T the silicon 
s.ngle^crystal film.wh.ch grew epitaxially on the substrate which has porosity silicon through an 
ox.de film and obta.n.ng a SOI layer. Control of the thickness in this approac made by control 
of epitaxial thickness and oxide-film thickness etc ' 

nn°J5t Alt T° Ugh 'l-T ^ mined at the Pr ° CeSS Which carries out sel ^tive etching of the 
porosity s.l.con which remains on a SOI layer front face if the front face after a process is 

£ and ^7 ° f 501 ^ fr ° nt face as indicated b^JP 5- 

218053 A, and ,s made m a very smooth field. According to this approach degradation of 
distribution of the thickness of a SOI layer does not take place. ^gradafon of 

no^rforltLt'r^ InVenti °u ] H ° W6Ver ' 6Ven if * is these ,amination -^hods. it is 

mm 91 r * ? u m 3 super - thm film 1 or less directly, for example 

in t e 3 cas 0 e r of er the° p"*^* ^ ° f P ' aSma Which ~ mainS in a ^ 
.n^tne case ot the PACE method, .t .s necessary to make a thicker SOI layer a little in 

cons.deration of a part for the thickness. However, since the damage layer removal is oerform.H 

by pol.sh the thickness distribution variation by polish occurs and hor^nX Wtion^f a 

super-thm film becomes difficult. By the approach which needs polish cA SoTlayeT fo "he 

same reason, d.rect format.on of a super-thin film becomes difficult altogether. 

SOI fin <T™: I " " ab ° ve - mentioned ^drogen annealing is used for smoothing of the 
SOI film, a pinhole may occur. It ex.sts in a lamination interface. In a measuring instrument 
stress ,s appjed to the minute field by the side of the lamination interface JaTu£^fi| m 
that ,t cannot measure w.th such a minute (90nm or less) foreign matter and the surface 
irregularity of the wafer itself. Under existence of this stress, i hydrogen anneaHne tr^tm.nt i<= 
performed, a pinhole may occur to a stress generating part. On the other hand in th case of 
the design of sem.conductor devices, such as a transistor when the SOI thirl™ L !i I • 
still thinner than the minimum thickness which can be SX^m^^J^^l 
wafer of different thickness with modification of a design is needed, a wafer supp y side cannot 
fully respond In such a case, once the manufacturer of a semiconductor device receives 

££?h ^ 3 801 ' ayer tMcker than desi S" thi ^ness and oxidazes the front 

face thermally, he has to perform sacrifice oxidization of removing the part which oxidiJTd hC 
etch.ng. and has to get the SOI layer of desired thickness P ox.d.zed by 

[0014] However if sacrifice oxidation is performed, the accelerating oxidation over the crystal 

h IT'" 801 fi ' m h3S d ° ne enOUgh ' and since oxidation is checke aroun the 
field where the fore.gn matter adhered, the surface dry area of the front face of a SOHayer wHI 

se~d d uc a tor ZS ^ ^ ^ °"~ ° f *^*« T 
[0015] 

[Means for Solving the Problem] The purpose of this invention is to offer the thickness control 
approach of a s.l.con thin film that the value of a request of the thickness can b ^ decreased 
manufacture approach of a silicon thin film, and the manufacture approach of a SOI substrate 
without degrading the quality of a silicon thin film. substrate, 
[001 6] In the manufacture approach of the silicon thin film for manufacturing the silicon thin film 
prepared on the insulating front face, by carrying out wet washing of the Silicon thin film 
prepared on sa.d .nsulating front face, this invention is characterfzed by inciulX pTocess 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web.cgi_ejje 2005/04/01 
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which decreases the thickness of this silicon thin film until it becomes thickness 100nm or less 
Moreover, the manufacture approach of the silicon thin film concerning this invention of the 1 st 
thickness of said silicon thin film before [ said ] carrying out wet washing is larger than 1 00n m 
and it ,s charactered by performing this wet washing after heat-treating this silicon thin filnT' 
9 , lw\ !t th ' Ckn u eSS m reducin e ^sphere containing hydrogen until it becomes the 
cr 50nm o n Hess " ^ 1st thickness - For ^p.e, said 2nd thickness is 100nm oMess 

iTZll^^ aPPr ? a f ° f S01 SUbStrate kerning this invention is characterized by 
to include the process which carr.es cut wet washing of this base after the process which 

K ZntSol r h t H h ha V t he I'" 0 " tHin fi ' m ° f the 1St thickness than 100™ on an 

insulating front face the heat treatment process which heat-treats this base in the reducing 
atmosphere containing hydrogen, and this heat treatment process, and makes this siMccn ihin 
film the thickness of the 2nd thickness thinner than this 1st thickness 

thl! 8 i After Sa : d + baS f s t^s the 1st substrate and 2nd substrate which have a silicon thin film 
through an , insulating layer and forms a compound member cn a pcrous layer, After being formed 
including the process which separates this compound member by the porous layer o ^ SnT 
the 1st substrate and 2nd substrate which have a silicon thin film through an insu atin layer and 
forming a compound member on an ion-implantation layer, it is formed including the process 
7nn C ^ Parat6S th ' S comDound mem ber in this ion-implantation layer 
L001 9] According to this invention, degradation of the oxide-film pressure-proofing 
accompanying the surface dry area under accelerating oxidation of the crystal defect section 
Z > e *>™ n S the conventional sacrifioe oxidation, the effec7of a foreig^ matter 

etc and a surface dry area etc. ,s avoidable. Moreover, a thermal oxidation process and the 
etching process of the thermal oxidation film can be skipped 
[0020] K 

[Embodiment of the Invention] In this invention, as first shown in drawing 1 , the SOI substrate 

(SO laver) 3 onTh ^ 7^7 * °* without oxidizing theTm^the silicon thin fi m 

(SOI layer) 3 on the insulating layer 4 of the SOI substrate. The thickness of a SOI layer is made 

as snicon 86 " WaSh ' ng ' ^ is ° btained In addi t-, 10 is bases, such 

[0021] If it •considers as the SOI layer used for this invention, the SOI layer of the SOI wafer 

the" SOHave f! S ™° X ™* od V""™* ^ ^ me thod is desirab^ and 

the SOI layer formed using the silicon thin film formed of epitaxial growth or hydrogen annexing 

s icon .S^il'i , (CH0K ^ RARU Skling) WitH the COmm ° n 801 'aver Produced us"g the 
s . .con substrate formed of law - since oxygen content is low, it is more desirable than the 

sihcon wafer formed of law. Moreover, a MCZ wafer is also desirable. In this way, the obta^d 
SOI layer does not have sludges, such as silicon oxide, into it, and serves as a homogeneous 
silicon thin film. As a substrate which directs a silicon thin film, an insulator layer ™he 
mSlT ° r h mSU,at0r s f st-te of the semi-conductor formed in the front face, or ****** 
L0022] It >s because uniform ox.d.zation and uniform etching in the part will be checked if matter 
other than silicon deposits in a silicon thin film ,T matter 

lTfec?wm CH0KURA T U Sk T e l~ Wh6n Si,iC ° n ^ obtained - >aw is used as a SOI layer 
thl in P7 '. V by d ! P ° Sit ° f OXVgen ' ° r 3 Surface ^ area ^ise. The oxygen 
a 1> ■ ^ C r° nta,ne n d ' S retUmed by hydr ° gen ' concentration becomes low and 

a deposit is suppressed. [ many ] Therefore, after forming a SOI layer as a SOI layer by Which 
hydrogen annealing was carried out, without giving hydrogen annealing, hydrogen annealing may 

X,sr and a 501 ,ayer may be formed using the sincon waL whi ch ^ 

[0024] The thickness of the SOI layer before reducing thickness by this invention is larger than 
hydrogen peroxide solut.on. and various water at a capacity factor, and the example of 
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representation of the mixing ratio may be 2:5:5 to 0.01:1:5. In addition, 29% and 31% of thing can 
be used for the concentration of the aqueous ammonia said here and hydrogen peroxide solution 
respectively, for example. ' 

[0026] both the capacity of washing and etching is [ the one where the solution temperature at 
the time of washing of this invention is higher ] high — generally — the temperature of 60 
degrees. C or more — it is 60 degrees C - 95 degrees C more preferably 
[0027] In addition, an organic alkali system solution also has the capacity of silicon etching 
generally. For example, although TMAH (tetrapod methyl ammonium hydroxide) etc is a phot 
lithography processes of a semiconductor device production line and is an ingredient currently 
widely used also as a developer of a photoresist, it is effective also as a penetrant remover of 
this invention. 

[0028] Although there may be mixed liquor of fluoric acid and a nitric acid etc as etchant of 
silicon, since a SOI front face, such as etching a crystal defect alternatively, may be damaged at 
the time of use, cautions are required of this system 
[0029] 

[Example] (The 1st example) One example of this invention is explained using drawing 2 and 
drawing 3 . " — 

[0030] Drawing 2 is a mimetic diagram for explaining the production process using a porous layer 
and an ep.taxial growth phase of a SOI wafer. Drawing^ is the mimetic diagram showing anode 
plate degassing equipment. In drawing 3 , an electrode terminal for 102 to supply an anodization 
tub and for 103 supply [ as for a substrate electrode holder and 105 / a reduced pressure 
adsorption pad and 106 ] the current for anodization for opening of a substrate electrode holder 
and 104, as for the electrolytic solution for anodization and. 107, 108 and 109 are reduced 
pressure Rhine. , 

[0031] First, specific resistance prepared the 8 inch device wafer which is 0.015-ohmcm with P 
type as a silicon substrate 1 . 

[0032] The front face of the device wafer 101 was contacted to the adsorption pad 104 of the 
electrode holder 103 placed into the anodization tub 102 in this device wafer 101 and by 
reduced pressure Rhine 109 connected to the adsorption slot (un-illustrating) of a pad 104 
reduced pressure adsorption was carried out and it fixed. 

[0033] To the tub 102, the mixed liquor of hydrofluoric-acid:ethanol =2:1 was filled with this 
condition as the electrolytic solution. 

[0034] and formation — between the minus electrodes 107 made from platinum and the plus 
electrodes 108 which were prepared in the both ends of a tub, it energized for 5 minutes and 
changed into the 2nd current value of 7.2A continuously with the 1st current value (2 5A) first 
and energized for i minute. Consequently, from the front face of the device wafer 1 to a depth 
of 5 micrometers became the 1st porosity silicon layer 21, and the porous layer 2 which consists 
of two or more porous bodies from which even 2 more micrometer depth serves as the 2nd thin 
porosity silicon layer 22 which is the degree of Kota hole from the 1st porosity silicon layer and 
porosity differs mutually in this way was formed. 

[0035] Next, it oxidized thermally at 400 degrees C, and the thin oxide film was formed in the 
porous wall side of the 1st and 2nd porous layers 2. And after washing in a rare hydrofluoric acid 
the device wafer was arranged on the CVD system, temperature was raised for hydrogen gas 

^So^fof nk> hydrogen BEKU of the P° rous 'aver 2 was carried out. Then, dichlorosilane 
CSiH2CI2) was passed with hydrogen carrier gas, at 1050 degrees C, epitaxial growth was 
performed on the front face of the 1st porous layer 2, and the 150nm nonvesicular single- 
crystal-sihcon film 3 (SOI layer) was formed in it ( dra wing 2 C). 

[0036] Subsequently, the front face of the single-crystal-silicon film 3 was oxidized thermally 
and the lOOnm sihcon oxide layer 4 was formed ( djj|wjng_2 R>2D). Formation of this silicon oxide 
layer is also omissible. 

[0037] After washing the handle wafer 10 prepared independently, it stuck on the silicon oxide 
layer of a device wafer at the room temperature in the ambient atmosphere [ **** ] ( drawing 2 " 
F). In addition, in case the SOI layer 3 (or silicon oxide layer 4 formed on it) of the device wafer 
1 and the handle wafer 10 are stuck, and the device wafer may have the insulator layer on the 
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silicon substrate, or may be a light transmission family name substrate and an insulating film. 
[ that it is a silicon substrate ] 

[0038] after heat-treating this stuck wafer (multilayer-structure object) in 1 100-degree C 
nitrogen-gasratmosiphere mind for 2 hours — the side face of a wafer to ******** f or 
lamination interfaces — inserting — two porosity silicon layers 21 and 22 — in the interface, it 
dissociated about ( drawing 2 G). 

[0039] Thus, the wafer with which the silicon oxide layer 4 and the single-crystal-silicon film 3 
were transferred by the handle wafer 10 was obtained/The porosity silicon layer 21 remained on 
the front face of the singje-crystahsilicon film 3. ( Drawing 2 G) . 

[0040] next, this wafer — hydrofluoric-acid: — hydrogen-peroxide-solution: — it dipped in the 
mixed liquor of water =1:20:50, and selective etching removed the porosity silicon layer 21 over 
the time amount for about 90 minutes, impressing a supersonic wave. 

[0041] In order to make the front face of this wafer smooth, 1 100-degree C hydrogen annealing 
was given for 1 hour, and the SOI wafer of 100nm of silicon layers and 100nm of embedding 
oxide films was obtained ( drawing 2 H). 

[0042] Then, in order to control more thinly the thickness of the single-crystal-silicon film (SOI 
layer) 3 of the obtained SOI wafer, 85 degrees C heated this SOI wafer, a presentation — a 
capacity factor — aqueous ammonia: — hydrogen-peroxide-solution: — it dipped in the SCI 
solution of water =0.05:1:10, and washed. Since it was a part for etching great ** [ by this 
washing process ], and 0.5nm/, washing was continued for 140 minutes and 70nm etching 
removal of the SOI layer 103 was carried out. 

[0043] In addition, the concentration of aqueous ammonia is 31% of hydrogen peroxide solution 
29%. 

[0044] As a result, the super-thin film SOI wafer whose thickness of 30nm and an embedding 
silicon oxide layer the thickness of a SOI layer is 100nm was obtained. 

[0045] When the front face of this SOI wafer was observed, it was a very smooth and uniform 
front face, without almost changing immediately after carrying out hydrogen annealing treatment. 

[0046] <Comparative-experiments **> Comparative experiments with the case where wash like 
the case where it thin-film-izes by sacrifice oxidation, and this invention, and it is made thin 
were conducted. 

[0047] Apart from the SOI wafer (sample A) which specifically washed as mentioned above with 
the mixed liquor of said aqueous ammonia / hydrogen peroxide solution / water, and etched 
70nm of thickness, after about 150nm oxidized the SOI layer by thermal oxidation, the oxide film 
was etched in rare fluoric acid, and the SOI wafer (sample B) which reduced SOI thickness by 
about 70nm as a result was prepared. 

[0048] In order to compare front-face nature of a SOI layer, after both were immersed in dark 
fluoric acid for 15 minutes, it performed observing the front face under a microscope. 
[0049] Consequently, as for Sample B, about five voids (the opening under the SOI film formed 
since fluoric acid embedded through the defect of a SOI layer or the through tube, and the 
oxide-film layer was reached, it subsequently embedded and the oxide film was etched by fluoric 
acid: common-name HF void) /with a diameter of about 50 micrometers were observed by the 
consistency of 2 cm. On the other hand, in Sample A, 0.05 so-called consistencies /of HF void 
remained in 2 cm. 

[0050] The crystal defect included in SOI in an oxidation process oxidizes in accelerating, the 
part is etched, it becomes very thin that whose Sample B, i.e., HF void consistency of the wafer 
oxidized thermally, was high, when it dips in HF solution, a hole is vacant as for it into a SOI part, 
and it is imagined as what HF void became is easy to be formed as for. 

[0051] <Comparative-experiments **> In having depended and decrease of thickness made it 
above-mentioned "etching (1) of porosity silicon" "hydrogen annealing (2)". "washing, and • 
deciding the sequence of (3)", it determined by conducting the following experiments. When the 
above-mentioned process was performed by (1) ->(3) -> (2) (this will perform, flattening by 
hydrogen annealing after making the SOI film thin), as a result of performing this, when 
microscope observation of the wafer front face after hydrogen annealing was carried out, many 
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things considered to be square pits were observed. This is idea **** since the heat stress of 
annealing affected, the very thin silicon film of 30nm, big stress concentrated by the crystal 
defect part or the part which was thin locally and the hole opened on the film under the 
annealing ambient atmosphere. Although the boundary of silicon and silicon oxide will be exposed 
if a hole opens, a reaction called. Si+Si02 ->2SiO in it occurs in a hydrogen ambient atmosphere 
silicon and silicon oxide gasify, and a hole is expanded. For this reason, for production of a thin 
film SOI layer, SOI thickness finds out that it is necessary to anneal where it has thickness 
comparatively, and came to accomplish thin film-ized **** this invention in the sequence (1) -> 
(2) -> (3) to it. 

[0052] When carrying out hydrogen annealing of the SOI layer, it is desirable that 70nm or more 
of thickness in the time is 100nm or more more preferably. However, it is not this limitation when 
an embedding oXide-film layer is thick enough. For example, when it has the thickness whose 
embedding oxide film is about 500nm, about 50nm- is sufficient as the thickness of the SOI layer 
in front of hydrogen annealing. When the thickness of an embedding oxide film is about 100nm as 
for the thickness of a SOI layer, it is good that it is 70nm or more. 

[0053] (Formation of a porous layer) formation of a porous layer on a wafer front face — 
anodization — it can carry out — current density and formation — the class of solution or its 
concentration can be changed and twp-layer [ from which porosity differs mutually ], or two or 
more porous layers of three or more layers can also be formed. 

[0054] As for the configuration of a porous layer, it is especially desirable to have the 1st porous 
layer which has the 1st porosity from an outside front face, and the 2nd porous layer which has 
the 2nd larger porosity than this 1 st porosity in this order. While being able to form a 
nonvesicular layer with few defects etc. (for example, nonvesicular single-crystal-silicon layer) 
on the 1st porous layer by the configuration concerned, it becomes separable in the location of a 
request of a porous layer. 

[0055] As the 1st porosity, it is desirable that it is 15% - 25% more preferably 10% to 30%. 
Moreover, as the 2nd porosity, it is desirable that it is 40% - 60% more preferably 35% to 70%. 
[0056] the formation for anodization — as liquid, the solution containing hydrogen fluoride, the 
solution containing hydrogen fluoride and ethanol, the solution containing hydrogen fluoride and 
isopropyl alcohol, etc. can be used. 

[0057] (Formation of a nonvesicular layer) It precedes forming a nonvesicular layer on a porous 
layer here, and at least one of the processes of following (b) - (d) can also be added desirable - 

- (**) — _> (**) __ more __ desirable — (**) > (**) — -> (Ha) or (**) > (**) > (**) 

— further — desirable — (**) — -> (**) — it is good to perform ->(Ha) -> (d) and a series of 
processes: 

[0058] (b) You may prepare protective coats, such as an oxide film and a nitride, in the porous 
wall of the protective coat formation process porous layer to a porous wall, and may also 
prevent big and rough-ization of the hole by heat treatment. For example, it heat-treats by the 
oxidizing atmosphere (200 degrees C - 700 degrees C, preferably 300-500 degrees C). The oxide 
film formed on the surface of the porous layer at that time may be removed (for example, a front 
face is exposed to the solution containing HF.). 

[0059] (b) It is also desirable to heat-treat at 800 degrees C - 1 200 degrees C among the 
reducing atmosphere containing hydrogen in advance of formation of the nonvesicular layer to a 
hydrogen baking process porous layer top. While being able to close the hole on the front face of 
a porous layer to some extent by the heat treatment concerned, it is also possible to remove it 
when the natural oxidation film exists in a porous layer front face, 

[0060] (c) When growing up a nonvesicular layer to be up to a minuteamount feeding process 
porous layer, it is desirable to carry out minute amount supply of the source material of this 
nonvesicular layer in a growth initial stage,, and to make it grow up with a low speed, migration 
primitive [ on the front face of a porous layer ] promotes with this growth — having — a hole — 
a front face can be closed. 

[0061] Below 20 nm/min., specifically, a growth rate adjusts feed below 10 nm/min. preferably so 
that it may become a growth rate below 2 nm/min. more preferably.. 

[0062] (d) Much more closure on the front face of a porous layer and smoothing are attained by 
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heat-treating in the reducing atmosphere which is temperature higher than the processing 
temperature in the hydrogen baking process and/or minute amount feeding process of the 
elevated-temperature baking process above-mentioned, and contains hydrogen. 
[0063] Homoepitaxial growth or heteroepitaxial growth is possible for formation of the 
nonvesicular layer to a porous layer top. As a nonvesicular layer, Si, germanium, SiGe, SiC and C, 
GaAs, GaN, AIGaAs, InGaAs, InP, InAs, etc. are possible, 

[0064] (The transfer approach of a nonvesicular layer) As an approach of transferring the 
nonvesicular layer formed in up to a porous layer to a support/substrate or a film Grinding, 
polish, etching, or such combination remove the unnecessary nonvesicular section from the 
multilayer-structure object acquired from a lamination process. Etching (etchant: HF+H202 or. 
HF+ alcohol, HF+H202+ alcohol) etc. removes the porous layer expressed after that, or there is 
a method of separating this multilayer-structure object by the porous layer. 

[0065] Separatio n can be performed by applying pull strength, compressive force, shearing force, 
etc. to this multilayer-structure object, or spraying a fluid on this multilayer-structure object 
side face. 

[0066] The liquid which has the operation which etches alternatively alkali and other isolation 
regions, such as acids, such as organic solvents, such as water and alcohol, and fluoric acid, a 
nitric acid, or a potassium hydroxide, as a fluid to be used is usable. A low-temperature cooling 
fluid and a super-cooling liquid can also be used. Furthermore, gases, such as air, nitrogen gas, 
carbon dioxide gas, and rare gas, may be used as a fluid. 

[0067] When a porous layer remains on the nonvesicular layer transferred to up to a support 
substrate, etching and polish can remove. It is also possible to attain surface smoothing by heat 
treatment in a hydrogen ambient atmosphere. 

[0068] In this way, the SOI wafer obtained is thin-filrrHzed using the approach by this invention. 
[0069] (The 2nd example) With reference to drawin g 4 , the manufacture approach of the silicon 
thin film by another example of this invention is explained. 

[0070] Specific resistance prepared first the CZ silicon wafer 1 which is 8 inches which is 10- 
ohmcm with P type as a substrate ( drawing 4 R>4A). 

[0071] Homoepitaxial growth by CVD which used trichlorosilane (SiHCI3) for this wafer front face 

was performed, and the 10-micrometer epitaxial layer 5 was formed ( drawing 4 B). 

[0072] Then, the layer 7 which drives the oxygen ion 6 into this wafer front face by 2x1018/cm2 

of doses and acceleration energy 180KeV, and contains oxygen ion by high concentration in the 

film of an epitaxial layer 5 was formed ( drawing 4 C). As oxygen ion, it is 0+ 

[0073] In addition, it faces devoting oneself and insulator layers, such as an oxide film, may be 

formed on epitaxial layer 5 front face. 

[0074] Next, this wafer was placed into the argon ambient atmosphere, heat treatment of 6 
hours was performed at 1350 degrees C, and the high-concentration oxygen ion content layer 7 
was changed to the silicon oxide layer 4. In this way, the thickness of the SOI layer 3 formed . 
from epitaxially grown silicon was set to 190nm, and the thickness of the embedding silicon oxide 
\ayer 4 was set to 380nm. 

[0075] This wafer was dipped in .SCl solution of the same presentation as the 1st example for 
180 minutes, and was washed, and the SOI layer 3 was thin-film-ized to 100nm. The thickness 
homogeneity of this SOI layer was high, and that front face was also very smooth. In addition, 
the so— called ITOX method may be used for thick— film— izing of a pad oxide film. 
[0076] (The 3rd example) With reference to drawing 5 , the manufacture approach of the silicon 
thin film by another example of this invention is explained. 

[0077] Specific resistance prepared first the FZ silicon wafer 1 which is 6 inches which is 100- 
ohmcm with P type as a substrate ( drawing 5 A). 

[0078] Then, the layer 7 which drives the oxygen ion 6 into this wafer front face by 2x1018/cm2 
of doses and acceleration energy 180KeV, and contains oxygen ion in the part below the front 
face of FZ wafer by high concentration was formed ( drawing 5 B). 

[0079] It heat-treated in the argon ambient atmosphere on the same conditions as the 2nd 
example, and the SOI wafer whose thickness of 190nm and the embedding silicon oxide layer 4 
the thickness of the SOI layer 3 is 380nm was obtained. 
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[0080] Then, the SOI wafer was. dipped in the HF concentration 5wt% hydrofluoric acid for 1 
minute, the surface natural oxidation film was removed completely, and the pure-water rinse was 
fully carried out. 

[0081] And the above-mentioned SOI wafer was dipped in the TMAH water solution whose 
TMAH concentration marketed as a developer is 2.35wt(s)%, the SOI layer 3 was washed for 20 
minutes at the room temperature, and about 140nm of surfaces of the SOI layer 3 was removed. 
The etch rate of the silicon by this water solution was a part for about 7nm/in 25-degree-C 
solution temperature. 

[0082] Then, the SOI wafer was washed for 5 minutes using the SC1 same solution as what was 
used in the 1 st example. ■ - 

[0083] Thereby, the. SOI layer was able to be thin— film-ized from 190nm of origin to 50nm rather 
than the 2nd example in a short time. 

[0.084] (The 4th example) With reference to drawin g 6 , the manufacture approach of the silicon 
thin film by another example of this invention is explained. 

[0085] Specific resistance prepared first the 8 inch CZ wafer 1 which is 10-ohmcm with P type 
as a substrate. 

[0086] This wafer was placed into the hydrogen ambient atmosphere, at 1200 degrees C, heat 
treatment of 6 hours was performed, the oxygen sludge near the wafer front face was returned, 
and the hypoxia concentration layer 8 which reduced the oxygen density was formed ( drawing 6 
B). 

[0087] After this, like the 3rd example, the oxygen ion 6 was driven in and heat-treated ( drawing 
6 C), the embedding silicon oxide layer 4 was formed ( drawing 6 D), etching and washing were 
performed to continuation after that, and the SOI wafer of the same thickness configuration as 
the 3rd example was obtained. 

[0088] (The 5th example) The 6th example of this invention is explained using drawing 7 . 
[0089] The silicon wafer 71 of 10-20ohms of 8inchp molds cm which are a device wafer first was 
prepared ( drawing 7 A). 

[0090] Subsequently, the 5-micrometer silicon layer 72 was grown up into the front face of 71 
by the usual epitaxial method ( drawing 7 B). In addition, this epitaxial growth process can also 
be skipped. 

[0091] And the front face of this epitaxial silicon layer 72 was oxidized thermally, and the 400nm 
silicon oxidation membrane layer 73 was formed ( drawing 7 C). In addition, this oxide-film layer 
formation process can also be skipped. 

[0092] Next, the hydrogen ion was poured in from the front face of the silicon oxidation 
membrane layer 73 using ion implantation equipment ( drawing 7 D). The impregnation energy and 
the dose at this time were set to 100keV(s) and 2x1.01 5-/cm2, respectively. As a result, the 
hydrogen ion reached in about 800nm Fukashi from the substrate front face, and formed the ion- 
implantation layer 75. It is thought that distorted stress is applied to this ion-implantation layer. 
In addition, this ion-implantation layer may be formed in a silicon wafer 71, or may be formed 
near the interface of the silicon layer 72 and a silicon wafer 71. 

[0093] Next, the silicon wafer 7 of 10-20ohms of 8inchp molds cm which are one more support 
wafer was prepared, and it stuck, after washing mutually the front face of this support wafer 7, 
and the front face (silicon oxidation membrane layer 73 front face) of the device wafer 71 
( drawing 7 E). In order to raise lamination reinforcement before sticking here, each wafer was 
put on the plasma generator (un-illustrating), and actuation which puts nitrogen ion to a front 
face was performed. Compared with the case of only only washing lamination reinforcement and 
sticking, one about 5 times the lamination reinforcement of this was obtained in the room 
temperature by this actuation. 

[0094] After performing 300 degrees C and heat treatment of 1 hour to the stuck substrate and . 
making lamination reinforcement still firmer, the air-jet nozzle 77 was close brought near the 
lamination interface, .and the compressed air 78 was sprayed on it by the pressure of 6kg/cm2. 
As a result, separation took place within the . layer of the ion-implantation layer 75 by the side of 
the device wafer 71, and the device wafer 71 and support wafer 76 side dissociated completely 
bordering on the ion-implantation layer 75 ( drawing 7 F). In addition, the tip configuration of the 
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[0107] The impurity of the again same conductivity type is introduced and the comparatively 
high-concentration source drain field 57 adjusted in the sidewall 59 is formed. 
[0108] In this way, the structure shown, in drawing 8 (b) is obtained. 

[0109] A gate electrode top face and the top face of a source drain field are exposed, and the 
layer 60 of a metal semiconducting compound is formed there. As a metal semiconducting 
compound, metal silicide is desirable and nickel silicide, titanium silicide, cobalt silicide, 
molybdenum silicide, tungsten silicide, etc. are specifically used. Such silicides make a metal 
deposit so that the top face of the gate electrode 55 and the top face of the source drain field' 
57 may be covered, and after heat-treating and making it react with the silicon of the source 
drain field 57, they can be formed by removing a metaled unreacted part by etchant, such as a 
sulfuric acid. The front face of the layer 60 of a metal semiconducting compound may be nitrided 
further if needed. 

[01 10] In this way, the structure shown in drawing 8 (c) is obtained. 

[01 1 1] An insulator layer 61 is formed so that the gate electrode top face and source drain field 
top face which were silicide-ized may be covered. As this insulator layer 61, the silicon oxide 
containing Lynn and/or boron etc. is used preferably. 

[01 12] If needed, flattening of the top face of an insulator layer 61 is carried out by etchback or 
CMP, and a contact hole is formed in an insulator layer 61. If the photolithography which makes 
the light source KrF excimer laser, ArF excimer laser, F2 excimer laser, an electron beam, and an 
X-ray is used, the contact hole of a rectangle with one side of die length smaller than 0.25 
microns or a circular contact hole with a diameter with one side of die length smaller than 0.25 
microns can be formed. 

[01 13] A conductor plug is formed in a contact hole. After forming at least one layer which 
consists of the refractory metal film, metal semiconducting compounds, or refractory metal 
nitrides used as the barrier metal 62 as the formation approach of the conductor plug in a 
contact hole, the electrical conducting materials 63, such as a tungsten, a tungsten alloy, 
aluminum and an aluminium alloy, copper, and a copper alloy, are made to deposit using CVD, 
PVD, and plating, and etchback and CMP may remove the electrical conducting material which is 
above an insulator layer top face if needed. 

[0114] Or after nitriding the front face of the silicide layer 60 of the source drain field 57 
exposed from the contact hole if needed, it may be filled up With a conductor in a contact hole 
[01 15] In this way, the structure (MOS mold thin film transistor) as shown in drawing 8 (d) is 
obtained. 

[01 16] In this way, semiconductor devices, such as a transistor, can be manufactured using the 
SOI wafer of this invention. 

[01 1 7] If it determines that the depletion layer which impresses an electrical potential difference 
to a gate electrode, and spreads under gate dielectric film at this time embeds, and the 
thickness and high impurity concentration of a SOI layer reach the top face of an insulator layer 
this transistor will operate as a perfect depletion mold transistor. Moreover, if it determines that 
a depletion layer embeds and the thickness and high impurity concentration of a SOf layer do not 
reach the top face of an insulator layer, this transistor will operate as a partial depletion mold 
transistor. 

[01 18] Since thin-film-izing of a SOI layer is possible when this invention is used, formation of a 

perfect depletion mold transistor becomes easy 

[0119] 

[Effect of the Invention] According to this invention, degradation of the oxide-film pressure- 
proofing accompanying the surface dry area under accelerating oxidation of the crystal defect 
section produced when performing the conventional sacrifice oxidation, the effect of a foreign 
matter, etc., and a surface dry area etc. is avoidable. Moreover, a thermal oxidation process and 
the etching process of the thermal oxidation film can be skipped. In this way, it becomes possible 
to form in uniform thickness about the SOI wafer of a super-thin shape (100nm or less) which 
was difficult to create directly until now, without damaging a front face. 
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* NOTICES * 

JPO and NCIPI are not responsible for any ^ 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] Especially this invention relates to the approach of controlling the 
thickness of the silicon thin film used for a SOI wafer etc., and the manufacture approach of a 
silicon thin film about the manufacture approach of a silicon thin film. Silicon thickness is 
decreased by wet washing and, more specifically, it belongs to the technical field which obtains 
the thickness of arbitration. 
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PRIOR ART 



[Description of the Prior Art] as the manufacture approach of a SOI wafer — SIMOX 
ronn a i et ' 0n by IMplanteion of OXygen) — law, a lamination method, etc. are learned 
L0003J The SIMOX method is a technique which forms a silicon oxide layer in the location which 
drove in oxygen ion from the front face of a silicon substrate, and was embedded by subsequent 
elevated-temperature annealing. The dose of impregnation energy ** of the oxygen ion at this 
time cannot be set to arbitration, but is set to about certain conditions. Therefore the SOI wafer 
which can come to hand can change neither silicon thickness nor thickness of an embedding 
oxide film into arbitration easily. 

[0004] There are some classes of lamination methods. The approach currently called "the 
lamination polish SOI etc. is mentioned first. 

[0005] It is the approach of preparing two wafers with which at least one side oxidized grinding 
these with grinding from one side at a room temperature after annealing, lamination and, and 
leaving the silicon thickness of arbitration on a silicon oxide layer. By this approach the 
thickness of a silicon layer and the thickness of an embedding silicon oxide layer can be set as 
arbitration. However in order to depend for thin film-ization of a silicon layer only on grinding 
and Polish the thin film of hundreds of nm uniform thickness is difficult to get by the limitation of 
the original thickness precision of a silicon wafer, and the precision of polish 
[0006] In order to compensate the above-mentioned fault, distribution of SOI thickness is 
measured in an instant, dry etching of the field and thinner is carried out few, and the technique 
which forms a super-thin film (100nm or less) in homogeneity is reported. [ field / thicker ] This 
technique was called PACE (Plasma Assisted Chemical Etching) and is divided into the unit 
which carries out field Uchida point (10000 or more points) measurement of the SOI thickness in 
an instant as mentioned above, and the unit which carries out plasma etching To the unit of 
etch.ng, .t has the plasma generating part of a nozzle mold, and it can move now along a field in 
the upper part of a wafer side so that the nozzle can etch more thick fields according to the 
measurement result of the thickness of a SOI layer. The amount of etching is controlled for 
every field within a wafer side, and the absolute value of thickness and homogeneity can be 
controlled: However, in order that an etching damage may remain in the front face by which 
plasma etch.ng was carried out, polish for finally removing a damage layer is performed in many 
cases. Thickness which became homogeneity with much trouble by this action may be 
ununiformity-ized again. 

[0007] moreover, the front face of the silicon . wafer which the oxide film attached as another 
lamination method as it was in a U.S. Pat. No. 5374567 number - a hydrogen ion - pouring in - 
- the interior of a wafer - a brittle layer - forming - heating of an another wafer and 
amination after that, and after that - or there are some which spray a fluid (gases, such as 
liquids, such as water, or nitrogen) on a lamination wafer side face, dissociate from a brittle layer 
and acquire SOI structure. 

[0008] Control of thickness is controllable by the thickness of the oxide film of the wafer 
prepared first, the impregnation energy of a hydrogen ion, etc. However, to the dry area on the 
separated front face of SOI. polish finishing is needed in many cases and. thereby, thickness will 
become an ununiformity. . 
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[0009] Moreover, as another iamination method, there is an approach indicated by a U S Pat No 
5371037 number (patent No. 2608351), JP,5-21338,A, or JP,7-302889,A. This approach is an 
approach of removing an another wafer and lamination, and an unnecessary part for the silicon 
single crystal- film which grew epitaxially on the substrate which has porosity silicon through an 
oxide film, and obtaining a SOI layer. Control of the thickness in this approach is made by control 
of epitaxial thickness and oxide-film thickness etc.* 

[0010] Although it may be. ruined at the process which carries out selective etching of the 
porosity silicon which remains on a SOI layer front face if the front face after a process is 
observed, it is carrying out hydrogen annealing of the SOI layer front face as indicated by JP,5- 
218053,A, and is made in a very smooth field. According to this approach, degradation of 
distribution of the thickness of a SOI layer does not take place. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] According to this invention, degradation of the oxide-film pressure- 
proofing accompanying the surface dry area under accelerating oxidation of the crystal defect 
section produced when performing the conventional sacrifice oxidation, the effect of a foreign 
matter, etc., and a surface dry area etc. is avoidable. Moreover, a thermal oxidation process and 
the etching process of the thermal oxidation film can be skipped. In this way, it becomes possible 
to form in uniform thickness about the SOI wafer of a super-thin shape (100nm or less) which 
was difficult to create directly until now, without damaging a front face. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation.. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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3. In the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, even if it is these lamination methods, it is 
not easy for thickness to form a super-thin film 100nm or less directly, for example. 
[0012] In order to remove the etching damage layer of the plasma which remains in a front face 
in the case of the PACE method, it is necessary to make a thicker SOI layer a little in 
consideration of a part for the thickness. However, since the damage layer removal is performed 
by polish, the thickness distribution variation by polish occurs and homogeneity formation of a 
super-thiri film becomes difficult. By the approach which needs polish of a SOI layer for the 
same reason, direct formation of a super-thin film becomes difficult altogether. 
[0013] Moreover, when the above-mentioned hydrogen annealing is used for smoothing of the 
SOI film, a pinhole may occur. It exists in a lamination interface. In a measuring instrument, 
stress is applied to the minute field by the side of the lamination interface of a super-thin film 
that it cannot measure with such a minute (90nm or less) foreign matter and the surface 
irregularity of the wafer itself. Under existence of this stress, if hydrogen annealing treatment is 
performed, a pinhole may occur to a stress generating part. On the other hand, in the case of 
the design of semiconductor devices, such as a transistor, when the SOI thickness demanded is 
still thinner than the minimum thickness which can be supplied as a SOI wafer, or when the SOI 
wafer of different thickness with modification of a design is needed, a wafer supply side cannot 
fully respond. In such a case, once the manufacturer of a semiconductor device receives 
beforehand the SOI wafer with a SOI layer thicker than design thickness and oxidizes the front 
face thermally, he has to perform sacrifice oxidization of removing the part which oxidized by 
etching, and has to get the SOI layer of desired thickness. 

[0014] However, if sacrifice oxidation is performed, the accelerating oxidation over the crystal 
defect which exists in the SOI film has done enough, and since oxidation is checked around the 
field where the foreign matter adhered, the surface dry area of the front face of a SOI layer will 
be caused as a result. This becomes the cause of degrading oxide-film pressure-proofing of a 
semiconductor device. 
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[Means for Solving the Problem] The purpose of this invention is to offer the thickness control 
approach of a silicon thin film that the value of a request of the thickness can be decreased the 
manufacture approach of a silicon thin film, and the manufacture approach of a SOI substrate 
without degrading the quality of a silicon thin film. 

[0016] In the manufacture approach of the silicon thin film for manufacturing the silicon thin film 
prepared on the insulating front face, by carrying out wet washing of the silicon thin film 
prepared on said insulating front face, this invention is characterized by including the process 
which decreases the thickness of this silicon thin film until it becomes thickness 100nm or less 
Moreover, the manufacture approach of the silicon thin film concerning this invention of the 1st 
thickness of said silicon thin film before [ said ] carrying out wet washing is larger than 100nm 
and it is characterized by performing this wet washing after heat-treating this silicon thin film ' 
that has this 1st thickness in the reducing atmosphere containing hydrogen until it becomes the 
2nd thickness thinner than this 1st thickness. For example, said 2nd thickness is 100nm or less 
or 50nrn or less. 

[0017] The creation approach of the SOI substrate concerning this invention is characterized by 
to include the process which carries out wet washing of this base after the process which 
prepares the base which has the silicon thin film of the 1st larger thickness than 100nm on an 
insulating front face, the heat treatment process which heat-treats this base in the reducing 
atmosphere containing hydrogen, and this heat treatment process, and makes this silicon thin 
film the thickness of the 2nd thickness thinner than this 1 st thickness. 

[0018] After said base sticks the 1st substrate and 2nd substrate which have a silicon thin film 
through an insulating layer and forms a compound member on a porous layer, After being formed 
including the process which separates this compound member by the porous layer or sticking 
the 1st substrate and 2nd substrate which have a silicon thin film through an insulating layer and 
forming a compound member on an ion-implantation layer, it is formed including the process 
which separates this compound member in this ion-implantation layer. 
[0019] According to this invention, degradation of the oxide-film pressure-proofing 
accompanying the surface dry area under accelerating oxidation of the crystal defect section 
produced when performing the conventional sacrifice oxidation, the effect of a foreign matter 
etc., and a surface dry area etc. is avoidable. Moreover, a thermal oxidation process and the ' 
etching process of the thermal oxidation film can be skipped 
[0020] 

[Embodiment of the Invention] In this invention, as first shown in drawing 1 , the SOI substrate 
50 is prepared, and wet washing.is carried out. without oxidizing thermally the silicon thin film 
(SOI layer) 3 on the insulating layer 4 of the SOI substrate. The thickness of a SOI layer is made 
to decrease by this wet washing, and desired thickness is obtained. In addition, 10 is bases such 
as silicon. 

[0021] If it considers as .the SOI layer used for this invention, the SOI layer of the SOI wafer 
P [° d ^1 by thS SIM ° X meth °d mentioned above and the lamination method is desirable and 
the SOI layer formed using the silicon thin film formed of epitaxial growth or hydrogen annealing 
or FZ (floating zone) — CZ (CHOKURARU skiing) with the common SOI layer produced using the 
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silicon substrate formed of law — since oxygen content is low, it is more desirable than the 
silicon wafer formed of law. Moreover, a MCZ wafer is also desirable. In this way, the obtained 
SOI layer does not have sludges, such as silicon oxide, into it, and serves as a homogeneous 
silicon thin film. As a substrate which directs a silicon thin film, an insulator layer is the • 
substrate or insulator substrate of the semi-conductor formed in the front face, or ******. 
. [0022] It is because uniform oxidization and uniform. etching in the part will be checked if matter 
other than silicon deposits in a silicon thin film. 

[0023] CZ (CHOKURARU skiing) — when the silicon wafer obtained in law is used as a SOI layer, 
a defect will occur in silicon by deposit of oxygen, or a surface dry area will arise. The oxygen 
that in CZ silicon wafer contained is returned by hydrogen, the concentration becomes low, and 
a deposit is suppressed. [ many ] Therefore, after forming a SOI layer as a SOI layer by which 
hydrogen annealing was carried out, without giving hydrogen annealing, hydrogen annealing may. 
be given to the SOI layer and a SOI layer may be formed using the silicon wafer which carried 
out hydrogen annealing. 

[0024] The thickness of the SOI layer before reducing thickness by this invention is larger than 
100nm, and the thickness of the SOI layer finally obtained is the very thin film of 100nm or less. 
[0025] As a penetrant remover used for this invention, SC1 penetrant remover used by the so- 
called RCA washing is suitable. SC1 penetrant remover is NH40H and H202. It consists of mixed 
liquor of H20. 1:5:5, 1:10:10, 0.05:1:5, 0.05:1:10, etc. may have standard aqueous ammonia, 
hydrogen peroxide solution, and various water at a capacity factor, and the example of 
representation of the mixing ratio may be 2:5:5 to 0.01:1:5. In addition, 29% and 31% of thing can 
be used for the concentration of the aqueous ammonia said here and hydrogen peroxide solution, 
respectively, for example. 

[0026] both the capacity of washing and etching is [ the one where the solution temperature at 
the time of washing of this invention is higher ] high — generally — the temperature of 60 
degrees C or more — it is 60 degrees. C - 95 degrees C more preferably. 
[0027] In addition, an organic alkali system solution also has the capacity of silicon etching 
generally. For example, although TMAH (tetrapod methyl ammonium hydroxide) etc. is a phot 
lithography processes of a semiconductor device production line and is an ingredient currently 
widely used also as a developer of a photoresist, it is effective also as a penetrant remover of 
this invention. 

[0028] Although there may be mixed liquor of fluoric acid and a nitric acid etc. as etchaht of 
silicon, since a SOI front face, such as etching a crystal defect alternatively, may be damaged, at 
the time of use, cautions are required of this system. 
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♦ NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by trie use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. - - 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a mimetic diagram for explaining this invention. 

[Drawing 2] It is a mimetic diagram for explaining the manufacture approach of the silicon thin 
film by 1 operation gestalt of this invention. * 

[Drawing 31 It is the mimetic diagram showing anode plate degassing equipment. 

[Drawing 4] It is a mimetic diagram for explaining the manufacture approach of the silicon thin 

film by the operation gestalt of this invention. 

[Drawing 5] It is a mimetic diagram for explaining the manufacture approach of the silicon thin 
film by the operation gestalt of this invention. 

[Drawing 6] It is a mimetic diagram for explaining the manufacture approach of the silicon thin 
film by the operation gestalt of this invention. 

[Drawing 7] It is a mimetic diagram for explaining the manufacture approach of the silicon thin 
film by the operation gestalt of this invention. 

[Drawing 8] It is a mimetic diagram about the manufacture approach of the semiconductor 
device using the SOI wafer produced by this invention. 
[Description of Notations] 

1 Silicon Substrate . * ■ 

2 Detached Core 

3 Silicon Thin Film 

4 Silicon Oxide Layer 
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[Drawing 6] 
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[Drawing 7] 
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[00 37] MtefflSLTfcV^N^h'/l^x^-l 0 
Lfcttfc: . 7W X^x^fiO^b^ U 3 ^Jf toft 

m^mm^xmi^xm^h^fz (kf).^, 

taM^xai^so IJ13 (£>&W2. *<o±.tzj& 

[0038] zcom^h-^ti^ (zmmmm 
mo o'c<nmm&mn*x'2mfsmmLtzmz. 

U 2-o<o#?U^y nyJ12 1 t 2 2i?)M*ffitJ3 
Vvc#KLfc (02 G) . 

[00 39] d^idtcLT/N^Ky^x^N-l O^C. 

Bt^fLv- y n >®4 . ma&y u 3 ^3 aqraafut* 

^tf&btvfc . #Mb s h ^ y 3 yM3 <0flM±£t2^?l 



«5/'jay«2ii«asu^fc. (02G). 
[0040] <Wc£<o»>x;n-*:7 •Hbfc*» : ji^-ft 

: 7j<= 1 : 2 0 : 5 0*>»&i»C«U JSWftS" 

Epjnt^*^*t;9 o^ra«oB#^^*^tT. ^5i«^u 3 
yJf 2 l SMx.yfy/'Ct OltefcUi. 
[0041 ] £<Wx;n— ^ffifc^fiffrK^SfcAfc* 
110 0 °Cc07KST--;H: 1 B$|SUt L , 5" V 3 y/f l 
0 0 nnu S#>&*SHfcJ&l 0 0 nmc7)SO I *7x/n— 
fcttfc (02 H) . 

[0042] m^XfthtltzSO I^x^-OJJtt&fti' 
U3^R(SOl«) 3«OJ!»fcJ:'5»<«!«W*fc*> 
fc, i<OSO Ii>x^— Sr, 8 5XJfcil&fc$*Ufc. *&J$ 
*^fiitT'T>^-T7i< : SBWfc*** : ?K= 0 . 0 

5:1:1 ocosc immizmtimLti. zmmjL 

StJ:4x.yf-^^U~h«, 0. 5nm/Mo 
fcC9T\ gfe»S: 1 4 0#BMiRU SO I Jf 1 0 3 £ 7 
0nml7 f - >-^5fe Lfc . 

[0043] ^ri5 N T^-r*<iO«Ktt29%. aSK 
-ft*** 3 1%T'£>£„ 
[0 044] ifSSfcLT. SOII^i^Onm^ 

ti^s^s?^ y 3 ymomz a* 1 o o n m <?>]S»ir s 

[0045] Z0)SO I ^x'N— «0£ffi£«Jfcl/C*£ 
4: . 7j<mr x-;u^ S: Lfcttft 4: »^S5* i i: * < S 

[oo46] <ox9md> ms^fc£*)imfbr& 

[0047] Ji^Oj; d fcltuiET 

Tk/iS^kTk^/Tk^M^-C^LTiSJSSr 7 0 n 
mxyfy^tfcsoi^xA- (tffiA) fcJiSUfc:. 

M^7 78Kc-CX7fy/l< M^i: LT SO I 
Mi?*^7 OnmM^LfcSO I ^x7\- {fflftB) Sr 

[0048] SOIJicO^fflttWJtKSlTe^ 

[0049] *<7)gSI, SCRB«, I^50//m^ 
-f H (SO I^XPiS. rtittKilTLSa^T 7 

0'Xyf-^«fL^fc«>fc»jft$<i* SO I WT<7) 
SSHL : imHFm H ) 3W»5ffl/cm»W»fltCiW 
Mf4A(i. mitHF^W Hc7)^(i0. 

[00 50] SS^BHD*>. ^U-ft LtX: 7 x 7 \-co H F rff 
W HtlfieWlf^-jfcOtts IMfcXStfc^T SO I 4>fc 

fciRtC'e<oawh& i x.yf->'^$ixTa«>TaE<* o . s 
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coo5i] <immm» ±ie ^tlic^u 3 y^x 

7 fy/ (l)i. **mT--)l> ( 2 ) j , rgfe^ jc 
Xhmm&tiL (3) j) <DJig#£&#>£ Tfift 

oj:3*£ii£frv^5£L*:. jjeis* ( 1 ) - 

(3) - (2) rftot^J:!^ (.IftteSO IJg££ 

xvmim t < immmzm < x \ ^tz^%\z x 9 * 
£ ^tje^i^** t . r-~^mm^rfx'mziu^m\ ^ 

mnmmmm-fhtf. ztitf*.mmw^xs i + s 

i 0 2 -2 S i O b V^o i*JS#i£3,r 0 . y'J3 >0y 
i 9 . flffi SOI «c7)^M^(i:, S O I WitfVt 

mmmfr*tt^tztmx'T--)u~?z>>&mtfh&c\ t z 
jiA^aju (i) — (2) — (3) k^oimx-mmit 

[00 52] SO Il$r*I7--;>f £*&ti. 
l*j£"W>IW&*7 0 nmULh. ctD*f4L<(il00n 
mJSLJiT**C:fc*«ff4U». ©U SA&*Kfc§W 

5 0 OnmSI^^ff^^Cli 
#*T-->Hfr*> S O I Ji^&flBis 5 0 n mSJS"Ct> 
J: v\ WtoQ&W.ttX&)W*-tf 1 0 0 n mMMcob # 
{4. SOIJicOjRWiTOnmBLh-CftS^iV^ 
[00 53] ( ^lUMiOTBjfc ) */* x V Nftffi^^JlK 

[0054] fc >j Mf. &nmmcr>ffim&\-M3mfrt> 
mizG-rzzttfiitt lv\ agasfiKtcj: ds&io^tl 
mmv>imx'<v-ftmtMmk%& . 

[0 0 5 5] ^lO^TLS^LTti. 10%~3 0%. 

itc. m2<D&7l&kLXte. 3 5%~7 0%. «fc 9*F 
*L<te4 0%~6 0%T&£.Ii:#a*U\ 
[00 56] HWE-ffc^ffl<?3-f kJsRJR fc LTli, 7 v-ffc** 

it'HM b4V7°u V)VT)V n is tt b" £ m v > 

[00 57] ( ft&\MM0fflL > - £ X-gfiMMUZ 



i&immzBffct&izftz.-ox . tieo w ) - 

^.ff^KIl (>f ) - (n) , i0ff4L<« 
(>f ) - (a) — . j&*v^i M ) - (a) — 
(-) . mzft£L<& M ) — (a) (m) - 
(-) fc-il^IigSrfHdfctfJ:^. 

[0058] <>f ) iia^)«aii»BBJu:s 

tt^HMT'l^a ( 2 0 0°C~7 0 0TX jff* t<(43 

oo~5oo°o *<vm&ii'&m<o$mt l z : &i& 
zixtzWLimwzmi (MtiiHFZ&timMizmw* 

[0059] ( n ) **^-df ^^IS 
tr jiTtttSHM* 8 0 0°C~1 2 0 0'Ct«itSI 

[0060] (y\> WLMMmmtexm 
iz&^xmiE&jimmnmmi}mzm'^&&&u im 

m±-t&zbtfT*&. 

[006 1] mmWzte^ jK^SStSE* 1 2 0 n m/m i 
n.OT« MKttlOnm/min.HT, <fc 0^4 
L<U2nm/rai n .&.T<Of$.g&mb%&J; O lZ& 

[0062] (-) mwi^-^yyxm 

3H7ctt»H»*TS!waa^s £ b izx *) , ZrRMmwm 
[0063] ^n«m±^co^^Mm<mmt. ^ 

x e * * * § v ^{i^x ax tr * * S*- - WHS* 

a^irtB-c**. ft&nmmb lxh. si. Ge, s i 

Ge s SiC. C. GaAs, GaN, AlGaAs. 
InGaAs. InP. I n A s^iMMT^h. 

[0064 3 w$>7iwm<o&m.Jrm) &nwm±^w 
mmm^mL mm. ^v^yyb&w$z.tib<D®. 

Ltz&KltmZ^v^-y? (x-yf-r^h : HF + H 2 
Oi or HF + 7/k3-^, HF + H 2 0 2 +T;Wn — 

>v) mzxiomkLtz*), m.zmmmfoz^Lmmx'ft 
[0065] amt. R#JWKft#te5i»o*. i±as 
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[0066] mm-tzfiiftt lxh. nva-ivtc 

C0067] ^mi±.'^&nZiifc^JL«M±lz$- 
[00 68] c\o L•C^f^i^l.SO I ^x^v-St^bJ 

izxhi?mm^xmmittz> . 
[0069] ( m 2 mmm ) 04 zmm tx^mmi 
(vmumuz x h y v a ymm<vwmirmiz^xmw~t 
h. 

[0070] trmRt LX , PM.Titt&m* lOQc 
m<Q8J yWZyij3y>iA- 1 SJftKLfc (0 
4A) . 

[007 1] i^xA-glChiJ^oni/?^ (S 
i HC 1 3 ) SfflV^fcCVDfciS^xt^df^ 
J&ft£frl\ 1 0//mOXtf;?dfy*/UJ15S:^£Lrt: 
(04 B) . 

[0072] Sfc^"C£05?x^— K-X12 x 1 
0 1 8/ c m 2 % Jnfiax*;Wp— 1 8 0 K e VCR*>f 3f 

y*««irc*tf*7tJ!»SL*: (04C) . IgS-f* 
yfcLTJiWitf. 0 + T"£>£. 
[ 0 0 7 3 ] 3ri>\ iTfcj&trfclRLT. xe^y-r/P 

[00 743 ifO^x^N-Srr/Prf^H^t 
Bwc. 1 3 5 0r-C6^cO^!{lS2:]SfiL, ]SSSSft<0 
18*4 5j-y**« 7 SrBHfcy yayf4 fcSEflsSlirfc. 
£ 5 Lt\ xe^y-wWfcgLfcy'.; nyi^MS 
iXfcSO IJ1 30/S£(41 9 0 nmfc&O. ffitf>&*I& 
•ffcy'J 3yS4cOJ?${i3 8 0 nmt^o/;. 

[0 0 7 5] £<0^x;N-£m<02S»Wfc|3|«$rfflj£ 
OSC ljg&fcl 8 LT&#U SOI13J 

1 0 0 nmtSIftLfc. £OSO I «tf)]RJP£-ffitt 

[0076] ( s 3 mm )®5*im vx*miwi 
[0077] t-rmmt lx . pmx'im.m { 1 o o q 



(05 A) . 

[00781MV^, CI <9*7 x ; N-SEtc: K — XS 2 X 
10 18 /cm J , Jl8«X*;Wdf- 1 8 0 K e VTgtSH 

B8R>f*ySrl«»«T*0»7*mt/i: (05 B) . 
[0079] m2HM0iJi: PI fcjfcfrTT^VSBWl* 
t«KW\ SOIl3Wf§*'19 0nm, 1ft 
ii^Kft:^ 'J ^ yJI 4 coif § tfi 3 8 0 n mCO S O I *p x 

[0080] «WC, HF«£5wt%tf>7«y"fl»|C*& 
1 4HSL SOI7 x ; v-£« LT . ISSO iflUMUR 

[0 08 1] -?-LT. 5jl«*£fc L-OfflESftTV^TM 
AHJRKj&«2. 3 5wt%OTMAH*M(C, _bf£S 

0 I ^xA-^JILT, SO IST'2 0^ 
IB, Sfcf£U SO IJI3«)^JI£*n 4 0 nm|$£L 

5 °Cm&X'%) 7 n m/#"C* o ti . 

[0082] ggwe. 3(Sl|IMiWCfflV^fc<!0kigtS 
CljgffltefflWCSQ I^x;N-£5#ISIffiJ*Lfc. 

[0083] ififc: J: DJf?2 j!SS#U 0 tifflWC, S 
O.II^190nmH. 5 OnmCIIitfS^ 

[0084] 06 fc*BHLT#3WHtf>»l 

[0085] ifc-f S^i: LT . PSTJtffiSi^ lOQc 
mc08-f yfCZ^xA-l SfflSLfc. 

[0086] i^x^-Sr^^H^WcM^T. 1 
2 0 0'CT\ 6B#r B 1<7)^a^ML. ^x^-^MiS^ 

fflB8£mf&l,t: (S6B). 

[0 08 7] msmmmtmmiz. wm^* 

y6*fTh&A,"C. ML (06 C) , Mth&frMit 
y'j3yl4JML (06 D) N ^cof^x-y^y^h 

as»*5S«fc:if v \ so mmm t m tmm n&v> s o i 

^x^-^ff^. 

[0088] (»5jUfc«f|) H7*fflV^T*fKB«)»6 

[0089] t-?T'^ ^^xA-tSSS'f Vf-PM 

1 0~20^cmc7)yyr?y^x>'N-7 1 ^MU>: 
(07A) . 

[ o o 9 o ] &wc7 l <5D^B£Mit<7)xtr^ y-wp 

S^iO, 5AtmcoyUn>-a7 2Srfig^$^ (07 
B) . ^r*j N ^OXt^^y^;W^XSti*B&-ri)i 
bhX'*&. 

[0 09 1] -f-LT, ;«0X^Jfy^y';nyl7 
2<0*iS*SRIWkL. 400nm«OS/U3yBMhBW7 
3£#jRLfc (07 C) . *tj N i^lMkKJH^janiS 
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[0092] mzj *y&x$mzm^x . isvaym 
immi 3cn>tmfrt>7m4 *y*&xLtz <H7 

D) . uiDi#coaAx^;K-t 1 
OOkeV, 2X10 15 /cm^L)t. ZCD&f&km 

4 *>\&Wmmfr h®SQ 0 nm^§itil< -f 
;ty&AJf 7 5£^j£L£. dtfM^-y&AJlWiMJS 

Jf 7 2 h >- V 3 >-<7x;n 7 1 <7)^H#ifilc^ LT t> J: 

[0093] lf£o3d^x^--C£>£8-f y 

fpll 0~2 0^cm<7)>'Urjy'7i^-7S:fflS 
L, ^^^x-zv^cOSIMfcT^MX^x^^ 1 

comm {yviywimmi 3mm) *K\^zm&Ltz 
mz^^h^tz (H7E) . z\z\xm^h^thmz 
^^h^tm.w.^^htzMz^ ^^o^x^-^r^ 
x~?%>±mw (to*) izm%, mm^ *y*mmizm 
•i-mftzftitz. zcommzx-yxm^h^mi. 

[0094] iad -&*HfTtx«fc 300-c, i mmv>f& 

flL KD^btfWIWfififc:, xr^'x-y hyx7P7 7£ 
aSftft, 6kg/cm2<7)E)]tBE^7 8J^tt 

ft*: . -toSMRT^ ^ "7 x v\- 7 lffiOco-f * y&AJS 
7 5 <0«rtT*»WBi 0 , -f 4" V&A® 7 5 £ififc-r 
yNMX^x^-7 UMiiSJ^x^-? 6lMfc* 
MLtz (07 F) . Si^HMCfflVvfexr^xv b^X 
JV7 1 <rtfti%ffim±. WffifiO. lmraX6mm« 

mm^tt&mfrt, i mmoea^^ftT^f 

[009 5] £Otg*, ^^7x^-7 6<0±fc4 0 0 
nm^yaygrftaWf 7 3, fC0lt»3 5 0nm(?) 
xtr^v-r/l^y^yjf 7 2. WJhfcftSOnmO) 

a ^y\ixm 7 5 sw-rs s o i mmtm^titz ( 0 7 

G) . 

[0 0 9 6] ^V-»Tf#6iX3tSO I">zA-tl 0 50 

•c, 3B#^7K^rx-;^a^jgu. 4*y&\mi 
mm * sftTTit *«nwas[«* l*>*: . 

[0097] ffctttcTjffc^r^fc^y ^yxe^^-i/T 
;H(SOIi) 7 2 £ . Jil 2 HMf Jt ra«5r3R«?Kfc 

auTat^is«<5>L*ffofe. ;«wiiJ2. 3 

5 w t %OTM A H?§fi££ 8 0 'Ctcin^ Lfc fc <V £ ffl 
V\ iWl:4WfIfc{; ( }:-pt320nm, W 
fc* 1 3»JTffl V vfc S C - 1 2 0 #E18M-£ K 
ioT 1 Onm. -£tt3 3 0 n m<73jR«/5> U5H*£fr 
1»\ tfemt LX7 Onmcr>l'Vayx.\Z?*i>>*r)Vm 

(SOU) 2b . 4 00nm^y'j3yl{l«i (« 



*>&*BWfclWI ) 3 SrW-TS S O I 7xA-A^L 
[ 0 0 9 8 ] =Sr*5^ »tBfflSdm<r>X:#>e>4 *y&XM 

\t. t'-j*mz&ALx\i->tz*) . r^x^mm-f^y 

SEAffi(PI I I techni que) Srfflt^-li: 
IK#Oft*aE*fcUT{±, 25SW>flfctc3** 

til 8/5 2 2 1 6fcPU\ 

[0099] ( ¥mn&&mttm ) us z&m t 

[0100] ¥*fls£flcfc LT±j**8ttfcW 1 ~7^fc 
EiOWI^V^M^ntSO I«7xA5 0tffl 

[ o i o 1 3 mu5 i ±<oa«>a^ie»Bi5 2±tc&4 

^TUT^f^Wb^fe** so il^Ml:A7--y/ 
Lfc>5\ LOCOSKftSitU, b5yy^?» 
t^»SOIlW^-y5 3^Mtl>. ETC 

[0 102] SOIJi5 3^)f5fflty-h«a8JK5 6* 

B&th. ■y-htmm5 6kLxit. mt^v^y. 
mit?y?>v, Kfly\7x«7A. m^t^y. mtx? 

yiS*7J±, mW 7h'J7A, KMK'JX7A, 8Mb 

=S:if**fflV^fi&. £<ay-M6HfflS5 6li. SO II 
5 3^ffl^^bL^0. XliCVDWVDCiDS 
0 1/15 3 OfHHtCJtflW* i fc t= J: D^fiJcT'# & . 
[0 103] y-b»5 6«ity-Mi5 5!; 

y-hWM55tLxiz. pmxitNm^m 
MffF-y'Ztitzgrm&i'V^y^ fyfXT-y. =e 

Vf^yi'V-W Kx ^v^'x^y^Uif-f h\ r?y^ 
v. jyy^y-f-A h^J fyfMr* b^J h 

fcjav\ ci^T'fi. -9-yir^ f (•fe^r^-o-v-y-t 

[0104] 18 (a) ICtjc^J: d *«Bt* 

[0105] y-T-*S5 5^^-y*»jRLte«. 

'jy, am. TyttyKb'nNWPFimiXteXny* 
b eopmvmmz s o i @ 5 3 c^ia lt . y-hw 
5 5 nmrnzms- Ltztm^mmm^v-x , hwv 



i(9) 001-1 68308 (P200 1-1 6830 8A) 



fro* 5 s *&f&? h . T-tmiM * yfrh&& t mm 
[0107] mfmtmnm^mazmxL. im h 

[0108] 18 (b) &ttWttotf&t> 

[ o i o 9 1 h«&Jiffli: v-x • k w ywm 
±mmm^ j tx, ^z^m^mmt^mcom 6 o £ 

SSttftl^JOJf 6 0<03l®£M<[fct/C*> «fcV\ 
[0110];HTsH8(c) lz^i-ffiMfatf%h 

[0 1 12J&Sfc:jEfcT, i7fA' 7 ncMP[;J: 

oifeSM6 inimz^mtLx, mme 1 cay^ 

i^Sr^fc-rS7 * h 'J y/77 * -fcJBvxfitf, 0 . 
2 5 $ ? a y X <0 /h§ v vR$ cd-VIZ t =? y * 

-525: koiS@£- t>oR^<7)=? ^ ? ? h *-;W^J&T 
#4. 

mmttm63Z, CVD, PVD. *-y=Sfffi£fflVVCig 
[0114] gWiiBStejEfcTn^*? h 4> 



affiLfcy-^. • KW 70v-y-'M 6 0 

[0 115] Z o L"C. 18 (d) K^LfciSfcaBt 

[0116] Zo LT. 2f£^HJ«0S0 I ^x>N£fiJfflL 

[0 117] h mMlzWM. SrWiDbT 

fcg< £ 3 fcS O I Jl^jysXV^WflJiBKSr^a 
if. ClfiO h 7 yy'X^t^^i h 7 ^ UT 

$rv* J: oCSOI «^/S$&t>^M»^£££>*Ui\ 
Mh^v^^ li»*2S^B hyy'JxftLXmft 

[0118] *miim^t&&* s o i mvmfctf 

[0 119] 

•fhmmmxh^tznmm (100 nmjjiT) cr>so 

[01] ^HBSrlKHJ-r-S Ttftom^S-C* s . 

[ 11 2 ] ^mKo-mimMiz y mmcowm 
xmimi-tz tztbcom&mx't) t . 
[13] wwbasa^ jjr$-85CBT& * . 

[05] *¥meo$mBmiz X Jy'Jn VfSJlO^t^ 

[06] *9»»o9aiffi8B(z ymmvmmx 

[07] XZWXvmMW® K iSy'Jn y^HoMJS* 
[08] aWOTHCj; OffiRS^UtSO I -7x^5rfflV^ 

1 i/'jnyli 
2 

3 S^JayWH! 

4 BMb^UavW 
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